Objective. To determine mortality and predictive factors for lower intestinal perforation (LIP) among patients with autoimmune rheumatic diseases. Methods. This retrospective, single-center, observational study analyzed mortality rates in 31 autoimmune rheumatic disease patients with LIP who were admitted to our hospital from January 2002 to June 2017. The primary outcome was the mortality rate during hospitalization. Results. The median age at the time of LIP was 61 years, and the survival rate at discharge was 64.5%. Eleven patients died of sepsis during hospitalization. Cox univariable analysis for mortality during hospitalization showed that absence of abdominal pain (hazard ratio (HR) 5.61, 95% confidence interval (CI) 1.38-22.9), higher age (HR 1.06, 95% CI 1.01-1.11), chronic kidney disease (HR 6.89, 95% CI 1.85-25.7), systemic vasculitis (HR 3.95, 95% CI 1.14-13.6), higher blood urea nitrogen (HR 1.02, 95% CI 1.01-1.04), higher serum creatinine (HR 1.41, 95% CI 1.06-1.87), and LIP due to malignancy (HR 14.3, 95% CI 1.95-105.1) significantly increased mortality. Conclusion. Abdominal pain was absent in 16% of LIP patients with autoimmune rheumatic diseases, and this absence was a poor prognostic factor in this cohort. Moreover, higher age, chronic kidney disease, systemic vasculitis, and LIP due to malignancy were associated with significantly increased mortality. Physicians should be aware of LIP in autoimmune disease patients with higher age, chronic kidney diseases, or systemic vasculitis even if patients reveal mild abdominal symptoms.
Introduction
Lower intestinal perforation (LIP) is rare, but it is a serious complication with a high mortality rate and often requires emergency surgery. The mortality rate of LIP was 12% to 50% in previous reports [1] [2] [3] [4] . In patients with rheumatoid arthritis (RA), gastrointestinal perforations were reported to occur most frequently in the lower gastrointestinal tract [5] .
Most patients with autoimmune rheumatic diseases receive glucocorticoids (GCs) as well as combination therapy with immunosuppressive agents. Nonsteroidal antiinflammatory drugs (NSAIDs) are often administered to RA patients and may result in adverse effects such as gastrointestinal ulcer, abscess development, and perforation [6] [7] [8] [9] [10] [11] [12] . Similarly, GC administration has also been associated with LIP [12] [13] [14] .
Few studies have reported the risk factors for gastrointestinal perforation in autoimmune rheumatic disease patients [14] [15] [16] . In this study, we examined predictive factors for LIP and mortality rates among patients with autoimmune rheumatic diseases.
Patients and Methods

2.1.
Patients. This retrospective, single-center, observational study determined the mortality rate in 31 autoimmune rheumatic disease patients with LIP who were admitted to our hospital from January 2002 to June 2017. All patients fulfilled the classification criteria for their respective autoimmune rheumatic diseases. Among patients with acute abdomen, 43 were diagnosed with gastrointestinal perforation based 2 BioMed Research International on clinical manifestations and radiographic findings. Thirtyone of these 43 patients were enrolled after we excluded patients with upper gastrointestinal perforation or perforation of unknown location. In this study, we defined the lower gastrointestinal tract as the area from the jejunum to the rectum. In recurrent cases, evaluations were performed only for the initial episode. Fifty-eight LIP patients without autoimmune rheumatic disease who were admitted to our hospital from January 2010 to June 2017 were enrolled in this study as the control group. Sixty-four patients without autoimmune rheumatic disease were diagnosed with LIP between the observational period, and we excluded 5 patients with traumatic gastrointestinal injury and 1 patient with ingestion accident of toothpick. This study was approved by the ethical committee of Juntendo University Hospital (No. 334).
Clinical Evaluation and Outcomes.
Clinical data, including patient demographics, clinical manifestations, laboratory data, treatments, and outcomes, were obtained from medical records. The absence of abdominal pain was defined as a lack of spontaneous abdominal pain with or without abdominal tenderness. Comorbidities included interstitial lung disease, chronic kidney disease (CKD), and diabetes mellitus. CKD was defined in this study as stage G3-5 disease [17] . The primary outcome was non-disease-specific mortality during the hospitalization period. The datasets are available from the corresponding author on reasonable request.
Statistical Analysis.
To compare demographic and disease characteristics between groups, the Mann-Whitney U test was used for nonnormally distributed variables. Categorical variables were compared using Fisher's exact test. The survival rates of each group were compared. Kaplan-Meier curves were plotted and evaluated using the log-rank test. Hazard ratios were calculated using Cox regression hazard models. Data are presented as medians (interquartile range (IQR)). Analyses were performed using SPSS 23.0 software (SPSS, Chicago, IL). P < 0.05 was considered to be statistically significant.
Results
The study population consisted of 9 males and 22 females. The median age at the onset of LIP was 61 years (IQR, 47-71 years). All 31 patients received an abdominal CT scan before the operation. The survival rate during hospitalization for LIP was 64.5%. The 1-and 5-year survival rates were the same at 60.9%. Two patients experienced recurrent LIPs and survived after hospitalization of second LIPs.
The underlying diseases in the entire study population were as follows: RA (16%), systemic lupus erythematosus (SLE) (23%), systemic sclerosis (SSc) (10%), polymyositis/dermatomyositis (PM/DM) (3%), mixed connective tissue disease (MCTD) (10%), systemic vasculitides (32%), polymyalgia rheumatica (PMR) (3%), and adult-onset Still's disease (AOSD) (3%). The median duration of the underlying diseases in this study was 76 months (IQR, 6-224 months).
Fifteen patients were diagnosed with colonic diverticula before LIP. Table 1 shows patient characteristics at the time of LIP and subsequent operative procedures, with comparisons between the survivor and the hospital death groups. All 11 deaths were due to sepsis, which was caused by peritonitis, catheter infections, and postoperative pneumonia in 7, 3, and 1 patients, respectively. Comorbidities included interstitial lung disease (23%), CKD (39%), and diabetes mellitus (32%). There was a significantly higher prevalence of CKD in the hospital death group. Blood tests performed at the time of LIP diagnosis showed higher levels of blood urea nitrogen (BUN) and serum creatinine in the hospital death group. Regarding autoimmune rheumatic disease treatment, there was no difference between the 2 groups in the dose of GCs at autoimmune rheumatic disease diagnosis and at LIPs, or in the percentages of patients receiving immunosuppressive agents or NSAIDs at the time of LIP. Regarding biological agents, only 1 patient was treated with infliximab, and no patients were treated with tocilizumab.
The absence of abdominal pain was significantly higher in the hospital death group. Five patients without abdominal pain complained only of abdominal discomfort or appetite loss, and in these cases free air was found on CT imaging. A 50-year-old man with GPA complained of appetite loss, and LIP was found incidentally on abdominal CT. A 43-yearold man with PAN was undergoing treatment for colonic ulcer, and LIP was incidentally found on abdominal CT being performed for therapeutic evaluation. A 52-year-old woman with SLE was hospitalized due to fever and sepsis, and LIP was identified on diagnostic CT. A 71-year-old woman with MPA complained of nausea, and free air was found on X-ray. She was diagnosed with LIP by abdominal CT. An 83-yearold woman with MPA was hospitalized with bloody stool and was diagnosed with LIP by abdominal CT. As the criteria for abdominal radiological examination were not defined in this study, it was the preference of the physicians whether to do the examination or not. We did not routinely perform abdominal X-ray or CT on all cases and however selectively examined in some cases. Neither the dose of GCs nor the administration of NSAIDs was associated with the presence or absence of abdominal pain. Figure 1 shows Kaplan-Meier curves for mortality during hospitalization. The log-rank test results in the groups with and without abdominal pain were P = 0.007, respectively.
Causes and locations of LIP were distributed unevenly between the survivor and hospital death groups. We determined that LIPs in 5 cases were due to autoimmune rheumatic diseases: 3 cases in which vasculitis was demonstrated pathologically at the perforated location and 2 cases in which LIP was caused by SSc intestinal lesions. One patient with EGPA had multiple ulcers and LIPs in the ileum, and eosinophil infiltration and fibrinoid necrosis in blood vessels were found around the ulcers. In the patients with PAN or MPA, fibrinoid necrosis was demonstrated in blood vessels around ulcers. In the patient with SSc, intestinal peristalsis was reduced due to intestinal lesions, and LIP occurred due to parasitic ileus. All patients with LIP due to malignant tumors had colorectal cancer. One patient exhibited simultaneous perforation of the colon and appendix, while another had Underlying disease concurrent perforation of the colon and rectum. Fourteen patients received direct hemoperfusion with polymyxin B immobilized fiber (PMX-DHP) after surgery. After LIPs, only one patient with EGPA was treated with intensive immunosuppressive therapy which included intravenous cyclophosphamide pulse therapy. Other patients, including patients who had LIP caused by autoimmune rheumatic disease, were treated without immunosuppressive agents because they were considered that had high risk for critical infection.
In the relationship between mortalities during hospitalization, each variable was evaluated by Cox univariate analysis (Table 2 ). Higher age (HR 1.06, 95% CI 1.01-1.11, P = 0.02), CKD (HR 6.89, 95% CI 1.85-25.7, P = 0.004), vasculitis (HR 3.95, 95% CI 1.14-13.6, P = 0.03), absence of abdominal pain (HR 5.61, 95% CI 1.38-22.9, P = 0.02), higher BUN (HR 1.02, 95% CI 1.01-1.04, P = 0.014), higher serum creatinine (HR 1.41, 95% CI 1.06-1.87, P =0.02), and LIP due to malignancy (HR 14.3, 95% CI 1.95-105.1, P = 0.009) significantly increased mortality.
We compared the LIP patients with and without autoimmune rheumatic disease (Supplemental Table S1 ). In control group, 11 patients had history of any malignancies, 5 patients had chronic renal failure on hemodialysis, and each 1 patient had ulcerative colitis, Crohn's disease, bronchial asthma, and myasthenia gravis. Crohn's disease patient had LIP due to Crohn's disease. The details of 11 malignancies were the following: lung cancer in 2 patients, testicular cancer in 2, astrocytoma on 1, maxillary sinus carcinoma in 1, breast cancer in 1, uterus cancer in 1, cervix cancer in 1, rectal cancer in 1, and multiple myeloma in 1. Four patients were treated with NSAIDs for lumbar spinal canal stenosis, osteoarthritis, or cancer pain. Since the preservation periods of the medical record were different, the observational periods did not match between the two groups. The patients with autoimmune rheumatic disease group included more females, less body weight, more frequency of interstitial lung disease, greater glucocorticoid dose and immunosuppressant, lower level of hemoglobin, and higher level of serum amylase. The patients with autoimmune rheumatic disease group needed longer days of hospitalization and showed higher mortality.
Discussion
In this retrospective observational study, we examined 31 autoimmune rheumatic disease patients with LIP. Among the variables at the time of LIP diagnosis, higher age, absence of abdominal pain, CKD, vasculitis, higher BUN, higher serum creatinine levels, and LIP due to malignancy were associated with increased mortality. Higher age is well known as a risk factor for mortality in LIP patients [18] . Further, previous studies showed that CKD, elevated BUN, and serum creatinine levels were associated with mortality in patients with gastrointestinal perforations or sepsis [19, 20] . Since there were 2 cases of recurrent LIP [21] , all patients should be monitored for recurrence.
LIP is one cause of acute abdomen, which regardless of etiology is characterized by abdominal pain. The previous study reported that masking effect of GC affected absence of BioMed Research International 5 abdominal pain in patients with gastrointestinal perforation who received GC therapy [16] . We could not reveal the cause of absence of abdominal pain in this study. However, we considered that the masking effect of GC was one reason similarly in the previous report. In a previous report, RA patients with LIP who complained of acute abdominal pain were treated with conventional synthetic disease-modifying antirheumatic drugs in 90% of cases, tumor necrosis factorinhibitors in 60% of cases, and tocilizumab in 27% of cases [9] . Because 16% of patients in this study lacked abdominal pain, it was not always clear when LIP occurred and we therefore could not measure the time from onset to surgery. One reason for the poor prognosis of patients without abdominal pain may be delayed discovery.
LIP is rare in the general population, with an incidence rate of about 0.04 per 1000 persons per year [22] . In several studies of RA patients who were not treated with TCZ, the incidence rates of LIP were 0.15-1.3 per 1000 persons per year [5, 23, 24] . In our hospital, the approximate number of outpatients per year was as follows for each autoimmune rheumatic disease, without duplication: 2100, 1050, 450, 180, 280, 240, 190, and 60 patients with RA, SLE, SSc, PM/DM, MCTD, vasculitis, PMR, and AOSD, respectively. Patients with vasculitis had a higher incidence of LIP in this study, but this assessment may not be accurate because the observation period varied among individuals. In a previous report, 26% of vasculitis patients experienced gastrointestinal involvement, including gastrointestinal perforations [25] . We plan to examine the relationship between systemic vasculitides and LIP in the future.
Moreover, we examined the incidence rate of LIP in RA patients and non-RA patients with NSAIDs. In this study, 5 patients with RA had LIP during the observation period of 15.5 years, and the approximate incidence rate was 0.15 per 1000 persons per year, which was the similar to previous studies [5, 23, 24] . All 5 RA patients were treated with GC, and 3 RA patients were also treated with NSAIDs. Several studies reported the scope of adverse effect of NSAIDs, GCs, or disease-modifying antirheumatic drugs [13, [26] [27] [28] [29] [30] [31] [32] [33] [34] . Polypharmacy is common in RA patients, and it was associated with increased risk of acute hospitalization in the previous study [35] . Almost 3300 patients (range: 3143-3340) were treated with NSAIDs daily per year from 2010 to 2017 in our hospital except for the department of rheumatology. Three thousand of 3300 patients without autoimmune rheumatic disease were age-matched population as RA patients, and 4 patients in control group were treated with NSAIDs. Since the approximate incidence rate was 0.18 per 1000 persons per year in non-RA patients with NSAIDs, it was similar to that in RA patients. The previous study reported no significant difference in lower gastrointestinal events between RA and osteoarthritis patients with NSAIDs [36] . The limitations of our study were not longitudinal study, the number of patients was too small, and we evaluated heterogenous cause of perforation as one LIP. Since the risk for the incidence of LIP in RA patients was significantly higher than in the general population, the physicians should be aware of the higher incidence of LIP in RA patients.
In patients with LIP, malignancy significantly increased mortality. Previous studies reported that LIP due to malignancy was associated with worse prognosis than LIP due to diverticulitis or ischemic enterocolitis [37, 38] . The location of LIP was not associated with prognosis. Similarly, the choice of surgical procedure did not significantly impact outcomes, which may be due to the appropriate procedure being chosen in each case. In this retrospective study, colostomy and PMX-DHP were performed more frequently in severe patients and the association of these procedures with mortality was therefore difficult to evaluate [39] .
The LIP patients with autoimmune rheumatic disease showed higher mortality in the comparison between the LIP patients with and without autoimmune rheumatic disease. There were several biases in this comparison that the control group was heterogeneous, observational periods were different in two groups, and too small numbers of patients were enrolled. However, we may clarify the approximate tending in LIP patients with autoimmune rheumatic disease to have longer days of hospitalization and higher rate of hospital death. We considered that these were associated with the characteristics that the more the frequencies of interstitial lung disease, the greater the glucocorticoid dose and immunosuppressant in the LIP patients with autoimmune rheumatic disease. More females were included in the LIP patients with autoimmune rheumatic disease group because of characteristics of rheumatic disease, and less body weight and lower level of hemoglobin were associated with including more females.
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The major limitation of this study was its retrospective, single-center, observational design. We did not perform Cox multivariate analysis because of the small number of cases. In addition, autoimmune rheumatic diseases were evaluated as a group rather than individually. Despite these drawbacks, the finding that the absence of abdominal pain was a risk factor for mortality is an important contribution.
Conclusion
Absence of abdominal pain, higher age, CKD, systemic vasculitis, higher BUN, higher serum creatinine levels, and LIP due to malignancy was risk factors for mortality in autoimmune rheumatic disease patients with LIPs. Even though the absence of LIP-associated abdominal pain is rare in the general population, 16% of autoimmune rheumatic disease patients reported no abdominal pain in this study. Physicians should be aware of LIP in autoimmune disease patients with higher age, chronic kidney diseases, or systemic vasculitis even if patients reveal mild abdominal symptoms.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
